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I
INTRODUCTION

In January iO wind-tunnel tests were performed on a modified half-

model of the F-5 wing with oscillating inboard control surface. The aim

of these experiments was to determine unsteady airloads on a representative

fighter-type wing in the transonic and low supersonic speed regimes. Such

data are necessary to support future developments of calculation methods.

The present report, Part I, describes the test set-up and test tech-

niques and gives a survey of the test program. Part II contains the test

results in tabulated form.

2 MODEL AND TEST SET-UP

2.1 General description

The model investigated consisted of a wing equipped with an inboard

control surface. The wing was the slightly modified half-model of the outer

part of the F-5 wing (scale 1:4.5) used in earlier aeroelastic investigations

(References 1 and 2).

In streamwise direction the wing possesses a modified NACA 65-A-004.8

airfoil, characterized by a droopnose, which extends from the leading edge

towards the point of maximum thickness at 40 per cent of the chord. Further

aft the profile is symmetrical. The line of symmetry of this rear part is

chosen as a reference for the incidence. Details of the planform and the

airfoil are given in Figure 1.

The model was supported at the side-wall of the test-section (Figure 2).

Oscillations of the control surface about the hinge axis could be generated

by means of a hydraulic actuator. This hydraulic actuator is equipped with

a displacement transducer (no. 10), which controls the position of the piston

rod. An additional displacement transducer (no. 9) was mounted on a lever
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as close as possible to the control surface root and just outside the

testsection of the wind tunnel. With transducers nos. 9 and 10 the amplitude

of the control surface oscillation as well as the mean steady deflection

were monitored. Further details on the hydraulic test rig can be found

in Reference 3.

The motions of the control surface and also any resulting motions of

the wing were monitored by eight built-in accelerometers (Figure 3). The wing

model, made of dural, was provided with 188 pressure orifices and connecting

tubes. The pressure orifices were located on the upper and lower surface,

distributed over eight spanwise sections on the wing and four on the control

surface (Figure 3). From the earlier test (Reference 1), closer spacing

of the measuring sections at the tip makes it possible to study tip effects

in more detail. In addition twelve miniature pressure transducers were built

in the wing and control surface close to the pressure points of section 2

on the upper surface. These transducers are used to provide data for the

determination of the transfer function of the tubes during the test.

No use was made of transition strips.

2.2 Wind tunnel

The tests were performed in the transonic wind tunnel (HST) of the

National Aerospace Laboratory (NLR). This wind tunnel consists of a closed

2
circuit with a test section of 1.60 x 2.00 m . Top and bottom of the test

section are slotted walls with an open ratio of 12 percent. The velocity

range of this tunnel is 0 < Ma < 1.25 and by changing the stagnation pressure

from Po = 12.5 kPa to Po = 400 kPa a wide range of Reynolds numbers can be

covered. For further details the reader is referred to Reference 4.
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3 TEST PROCEDURES

3.1 Pressure measurements

The meosurement of the mean steady and unsteady pressures on the model

was performed with the help of pressure tubes, connecting the pressure

orifices in the wing surface with scanning valves outside the model. The

electrical signals from the transducers in the scanning valves were measured

and then reduced to the actual aerodynamic quantities at the model surface

(for definitions, see Appendix).

In the steady case, this reduction is a straight-forward procedure.

However, in the unsteady case the measured pressures had to be corrected for

the dynamic response characteristics of the pressure tubes.

As described in detail in Reference 5, the transfer of oscillatory

pressures through pressure tubes depends on the dimensions of the tubing

system, the frequency of oscillation, the mean steady pressure and the

velocity of the main flow across the tube entrance. For the present wing

model with control surface the dimensions of each tube in the wing as well as

in the control surface were considered to be identical. This implied the

existence of a common transfer function for all tubes in the wing and another

transfer function for all tubes in the control surface. For a certain

oscillation frequency the two transfer functions depended only on the local

mean steady pressure and the flow velocity across the tube entrance. For a

given stagnation pressure of the wind-tunnel, the latter two parameters are

directly related and thus can be replaced by one. In practice the mean

steady pressure proved to be the most suitable parameter, since this quantity

was measured simultaneously with the unsteady pressures at the orifices. In

principle, the transfer function can be obtained both theoretically and

experimentally. In the present experiment the calibration of transfer
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functions was performed experimentally during the tests. For that purpose

seven miniature pressure transducers were installed into the wing at section 2,

very close to the entrance of each pressure tube. The same was done with

five transducers in the control surface (see Figure 3). This section was

chosen because it was considered to cover the full range of possible mean

steady entrance pressures. The pressures measured by the transducers could

be regarded as the input to the corresponding pressure tubes and so a calibra-

tion of the transfer functions during the tests was obtained. By collecting

the data for these tubes and by plotting them as a function of the mean steady

pressure (or the local Mach number), the required calibration curves (Figure 5)

were obtained. The curves have been plotted as the real and imaginary part

of the complex ratio PU/PI, in which PU is the unsteady pressure measured

in the scanivalve and PI is the unsteady pressure at the model surface as

measured by the corresponding miniature pressure transducers. The data

reduction for all the tubes has been indicated schematically in Figure 6.

The vector PI, denoting the unsteady pressures at the model surface,

is obtained from the vector PU (being the unsteady pressure measured in the

scanning valve) by a counterclockwise rotation t and a reduction in nagnitude

with a factor (%. Next, the vector PI is decomposed in a component in phase

(real part) and a component in quadrature (imaginary part) with respect to

the motion of the model. Unfortunately, during the tests the pressure

orifices at 3 per cent in sections 3 and 5 on the upper surface were choked.

In the unsteady measurements therefore the pressure coefficients for these

two orifices were substituted by the mean value of the pressure coefficients

at 3 per cent in sections 2 and 4, and 4 and 6 respectively. From the five

in-situ transducers in section 2 in the control surface the one at 82 per cent

was out of order during the tests.

4



3.2 Vibration modes

The vibration modes of the wing were monitored by six accelerometers

(nos. 3 to 8, in Figure 3), while two accelerometers (nos. 1 and 2 in Figure 3)

measured the amplitude of the control surface rotation. Two displacement

transducers (nos. 9 and 10) measured the mean deflection and amplitude of

rotation of the hinge axis just outside the tunnel wall.

In the tabulated results (Part II) the unsteady displacements of the

accelerometers and the displacement transducers have been normalized by the

unsteady displacement of accelerometer no. 1, while the amplitude of rotation

in stream-wise direction of the control surface expressed in degrees, is

given for the section of accelerometer no. 1. The normalized values of the

displacement transducers nos. 9 and 10 were calculated as if they had the

same distance from the hinge axis as accelerometer no. 1.

During the tests neither control surface nor wing appeared to be

completely rigid. Due to friction in the bearings and a finite torsional

stiffness of the control surface the amplitude of rotation measured by

accelerometer no. 2 was 10 to 15 per cent less than the amplitude measured

by accelerometer no. 1. Further, d consequence of the low bending stiffness

of the wing outer part, the vibration mode depended on the unsteady airloads

on that part. This is especially the case at transonic conditions. After the

tests had been terminated it was found that in the last test runs accelero-

meters nos. 3 and 4 had failed. So the values of the normalized displacements

of accelerometers nos. 3 and 4 are meaningless for test runs nos. 194 and

higher.

4 MEASURING EQUIPMENT AND DATA REDUCTION

The wind-tunnel tests were performed by means of a processor ("PHAROS")

designed for unsteady measurements (Reference 6). This computer-controlled

5



device, performs a series of tasks. It controls the model excitation through

a two-phase oscillator with variable frequency. It accepts simultaneously

48 measuring signals, which then are fed into conditioners and transfer

function analyzers to obtain the steady component and the real and imaginary

part of the harmonic components. In this way the time required for one test

point is reduced to less than two minutes. Further it stores tne data and

performs a quick-look analysis with pre-determined transfer functions for

the tubinq system. A block-diagram of the equipment is presented in Figure 7,

while a picture of it is aiven in Figure 8.

The final data reduction took place with the procedures described in

section 3.1.

As a result, the following quantities were obtained (for definitions,

see Appendix).

- the chordwise distribution of the (mean) steady pressure coefficient CP,

- the chordwise distribution of the quasi-steady pressure coefficient CPI,

obtained from three steady measurements, namely (i) a run with zero mean

flap deflection (,S), (ii) a run with a mean flap deflection of + 0.5
0

degrees (o + Yl) and (iii) a run with a flap deflection of -0.5 detrees

(10 + 2) . The other test conditions were kept the same.

- the chordwise distribution of the unsteady pressure coefficient CPI,

normalized with respect to the angular displacement of the control surface

in the section of accelerometer 1;

- sectional steady, quasi-steady and unsteady lift and moment coefficients

obtained by integration of the Pressure distributions;

- total steady, quasi-steady and unsteady lift coefficients for the wing

obtained by integration in spanwise direction of the sectional coefficients-

total steady, quasi-steady and unqteady lift and hinge moment coefficients

6



for the control surface obtained by integration in spanwise direction of

the sectional coefficients; and

- vibration modes of the wing and the control surface.

5 TEST PROGRAM

The tests on the wing with the inboard control surface covered the

Mach number range between Ma = 0.6 and Ma = 1.25; the frequencies of oscil-

lation were 20 and 40 Hz. The maximum values of the reduced frequency achieved

during the tests varied from K = 0.4 at Ma = 0.6 to K = 0.215 at Ma = 1.25.

The tests were performed at mean incidences of ALPHA 0.0 and 1.5 deqrees

and with amplitudes of control surface oscillation AMPL. = 0.5 deqrees at

a mean deflection DELTA = about 0.

To determine the unsteady airloads for zero frequency ('quasi-steady"

results), a series of steady measurements was carried out at control surface

deflections DELTA = -0.5, 0.0 and + 0.5 degrees, respectively.

At summary of the test program for the wing with inboard control

surface is shown in Table 1.

6 FINAL REMARK

In this report only a description has been givpn of the general test

set-up and test procedures of the wind-tunnel tests on a winq equipped with

an oscillating inboard control surface. Its already mentioned in section 1

the tabulated results will be presented in a subsequent Part 11 of this

report.
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APPENDIX

Definitions of steady, quasi-steady and unsteady

aerodynamic quantities for wing and control surface

A.1 Wing

A.1.1 Steady

Pressure coefficient:

CP = (Ploc - P)/Q

Sectional normal force:

Z= CZ.Q.C CZ -f (eP - CPz ).d(x/C)
o ei

Sectional pitching moment about quarter-chord point (positive nose down':

M = CM.Q.C 2 , CM = - f (CPu - CP ).(x/C - 0.2 .d(x/C)

0

Total wing normal force:

1
Zwin= CZ. ..... S ,CZ . f (cZ.C)/ .d(y/S'
" = wing . .c wing=

A.1.2 1 uasi-steady

Presoure coefficient:

CPI = CPTRE + i.CPUTM

Cr
(6 + 6 ) - 6 + 6

CPIRE = 0 1 - ACP/A6

CPITM = 0.0

Sectional normal force:

Z = Q.C.CL I.A6.,' wt

C'(2 CZrRF + i.rTIrM

9



Cz ~ Cs(6 + 6 ( '6 + 6
CZIRE 0 10 2 ACZ/A ; CZIIM =0.0

6-61 2

Sectional pitching moment (positive nose down):

2 jWt
MI Q.C~ .CMI.A6.e

~'1=CMIRE + i.CMIIM

CM -CM,

,:IR 0- ACM/A6 ;CMIIM =0.0
6 62

Total wing normal force:

i ~t
Zl wing= Q.C.S.CZI wing .A6.e

CZI . =CZIBE . + i.CZIIM
wing wing wing

CZIRE wing= f (CZTJRE.C)/ .d(yIS) ;CZITM =0.0

A.3 Unsteady

Pressure coefficient:

CFE = CPTRE + i.CPITM =PI/(Q., 6)

Sc'Aonai nrmal force:

=xR~ + 1% - CT -CT . d(x/7)

-c i qnriL pi!.cllim; mom-,nt (,tositive nose down):

'M :i~:+ i.CMIM f (~ CPT Y.(X/C -.-. ~x,1
0

Totai wing normial force:

Zr Q.r.S.CCI A6.
wing wing

C7.1 f i= (72T9FE.~g + i.CZTPV win f (CZI.C)/7.d(y/S)

10



A.2 Control surface

A.2.1 Steady

Pressure coefficient:

CP = (Ploc - P)/Q

Sectional normal force:

1

R = CR.Q.C , CR = - f (CP - CP£ ).d(x/C)
0.82

Sectional hinge moment:

N = CN.Q.C2 , CN = - f (CP - CPz).(x/C - o.82).d(x/C)

0.82

Total normal force:

0.5864
R control= CRcontrol* Q-.S , CRcontrol =  f (CR.C)/ .d(y/S)

0

Total hinge moment (positive control surface up):

-2 0.5864 2 2
Ncontrol= CNcontrol'Q'C2S , CNcontrol

=  f (CN.C2 d(y/S)

0

A.2.2 Quasi-steady

Pressure coefficient:

CPI = CPIRE + i.CPIIM

(6 + 6 ) - (6 + 6,)
0 10 AP6

CPIRE = o oA61 - 60

CPITM = 0.0

Sectional normal force:

RI Q.C.CRI.A6.e

CRI = CRIRE + i.CRTIM

Cs + 6 ) - (6 + 6")
CRIRE 0 0 1 ACR/A6 ; CRIM = 0.0

11



Sectional hinge moment (positive control surface up):

NI = Q.C2 .CNI.A6.eit

CNI = CNIRE + i.CNIIM

CN(6 + 1) CN(6 + 2)

CNIRE = = ACN/A6 ; CNIIM = 0.0
61 - 2

Total normal force:

it
RIcontrol Q-C.S-CRIcontrol -A 6.e

CRIcontrol= CRIREcontrol + i.CRIIMcontrol

0.5864
CRIREcontrol= f (CRIRE.C)/ .d(y/S) ; CRIIM = 0.0

0

Total hinge moment (positive control surface up):

NIcontrol= Q- 2 " S.CNIcontrol A6.eit

CNIcontrol= CNIREcontrol + i.CNIIMcontrol

0.5864 2 -2
CNIRE contro I (CNIRE.C )/IC.d(y/S) ; CNIIM = 0.0

0

A.2.3 Unsteady

Pressure coefficient:

CPI = CPIRE + i.CPIIM = PI/(Q.A6)

Sectional normal force:

iwt
RI = Q.C.CRI.A6.e

CRI = CRIRE + i.CRIIM = - f (CPI - CPIz).d(x/C)
0.82 u

Sectional hinge moment (positive control surface up):

2 iwt
NI = Q.C .CNI.A6.e

CNI = CNIRE + i.CNTIM = - J (CPI - CPI ).(x/C - 0.82).d(x/C)
0.82

12



Total normal force:

RI =Q.C.3.CII riwtRIcontrol-  control

o.5864
CRIeontrol CRIREcontrol + I. control=  f c . .

Total hinge moment (positive control surface up):

NIcontrol= Q.S-CNIcontrol -A6 .e

o.5864 2
CNIcontrol= CNIREcontroI + i.cNIIM f (CNI'C )/ i.d(y/S,7/

13



TABLE i

TESTPI 0GRAM

STEADY PRESSURE MEASUREMENIS ON
NF-S WING WITH INBOARD CONTROL SURFACE.
( ALPHA = 0.0 degrees )

RUN r'0 MACH DELTA TABLE REMARKS
no. nom, (degr.) no.

(kPn)

t0 100 .600 .488 2
It 1o0 .600 -.505 3

12 t00 .600 .002 4
to O0 .801 .486 5
103 £0 .800 -.499 6
102 to0 .800 -.003 7
31 £O0 .899 .494 8
32 1o0 .899 -. 496 9
33 t00 .899 .002 t0

36 t0 .923 .495 ii
37 t00 .924 -.497 t2
38 10 .925 -. 003 13
42 t00 .949 -.506 14
43 t00 .949 .006 4.')

46 100 1.000 .484 £6
47 100 .999 -.501 t7
48 t00 .999 .003 18

Si t00 1.046 .492 1.9
52 1O0 1.046 -. 500 20
53 1O0 t.046 .009 21

56 1O0 1.096 .482 -2
57 100 1.096 .505 ;3
5 1O0 1.096 .000 24
87 70 1.049 .493 25
88 70 1.057 -. 495 26
0 70 1050 1002 ;17

72 /0 1.096 .492 20

73 /0 1.094 -.505 29
74 70 i,09S .000 30
67 70 1.192 .489 3i
68 70 1.191 -. 498 32

69 70 .193 -.005 .33
79 70 1.242 .491 34
80 /0 1.244 -. 499 .35
8 70 1.244 -. oo1 36

S run t.0.th DELrA =+.S degrees is missing.
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TARLE 2

TESTPIOGRAM
STEADY PRESSURE MLASUREMENI ON
NF-5 W(NG WIfIL INBOARD CONROL SURFACE.
( ALPHA = 1,5 degrees )

RUN PC MACH DELTA TABLE
no. n om. (,legr,. n ,

(kPn)

121 100 .604 .497 37
122 100 .601 -.499 .3p
123 100 599 -. 004 39
156 t0 .800 .499 40
iS7 O0 .00i -,SO 41
158 too .801 -. oi 42
162 tO0 .850 .SO 43
163 100 .849 -..SO 44
164 1O0 .049 --,002 4S
167 I00 .876 .501 46
t68 1.00 .876 -. 502 4/
169 1oo .877 .002 48
173 100 .901 .496 49
17 100 .900 .- 50i 0
175 t00 .900 -. 003 51
179 1O0 .926 .502 '2
181 00 .923 - .S03 53
182 io .927 -. 002 $4
1S 1o0 .95s .503 55
186 100 .950 -.502 56
187 1OO .950 -. 002 '57
190 1o0 1.000 .497 98
191 1o0 .998 - .503 '59
192 tO0 1.000 -. 003 10
19s 100 1.048 .497 61
196 100 1.040 -. 499 62
197 100 1,049 -. 004 63
200 1O0 1.097 .490 64
201 10 1.098 - .503 65
202 to0 1.099 .003 66
230 70 1.048 .500 67
231 70 1 .048 -.503 f
232 70 1. 050 -. 007 69
225 70 t.094 .499 70
226 ?0 1.096 -. 501 71
227 70 1,094 -.0oi 72
220 70 .194 .498 73
221 70 1.201 ... o501 74
222 70 i1.97 .Oi 75
21S 71 1. 235 S01 76
2t6 70 1,233 -.S05 77
217 70 1.231. .000

15



IAELE 3

TESTPkOGRAM
UNSTFAPY PRESSUIkf MEASUREMLNTS ON
NF-S WENG wirm INBOARD CONTROL SURFACE.
( ALPHA = 0.0 degrees )

RUN Po MACH DELTA AMIPL. FREQ. RED.FR. TABLE
no. nom . (regr.)(de-jr.) (Hz) no.

(kPo-)

£2 l00 .600 .002 .496 0 .000 79
109 100 .S99 -.001 .491 20 .202 80
iii £o0 .599 -. 004 527 40 .404 8£
£02 £00 .800 -.003 .492 0 .000 82
1OS £0 .800 -. 009 .487 20 ISS 83
£08 t00 .800 -.008 SOS 40 .310 84
33 £00 .899 .002 .49S 0 .000 85
97 £oo .901 -. 001 .471 20 .139 86
t00 t00 .900 .000 .501 40 .279 87
38 £0 .925 -.003 .496 0 .000 88
112 £o0 .92S -. 001 .47S 20 .37 89
114 £O0 .925 --.003 524 40 .273 90
43 £o0 .949 .006 .256 0 .000 9£

iS £O0 .951 - .007 .474 20 133 92
i.6 1o0 .950 -.001 .498 40 .266 93
48 t00 .997 .003 .492 0 .000 94
49 1o0 1.00£ .003 .452 20 128 95
so £o 1.000 .013 .473 40 .2S5 96
53 £O0 1.046 .009 .497 0 .000 97
54 tO0 1.046 -.004 .444 20 123 98
55 £O0 1.047 .003 .466 40 .245 99
so 1o0 1.096 .000 .494 0 .000 t00
59 100 1.076 -. 007 .450 20 l8 101
60 £o0 1.09S .000 .44? 40 .236 102
89 70 1.050 .002 .494 0 .000 £03
91 70 1.050 -.003 .457 10 .122 104
92 70 1.048 -. 002 .474 40 .24S tOS
74 70 1.095 .000 .47 0 .000 t06
7S 70 i.09S -. OOS .4S3 20 .ti8 107
76 70 1.096 .-.001 .474 40 .23S t06
69 70 1.193 -. 005 .494 0 .000 t09
70 70 1.173 .001 .462 20 .1t0 t10
71 70 1t13 .01s .46 40 .220 111
8t 70 1.244 -.001 .495 0 .000 112
83 70 1,244 -. 001 .452 20 .107 113
86 70 1.244 ..003 .490 40 .213 114
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TABLE 4

TESTPi:l CW.RAM
IJNT7rr Y!)Y PPESSLIH[ MEASURE.MI[ NTS ON
NF-•5 !iNG W.JTII INDOARD CONTROL SURFACE.
( ALPHA = 1.5 degrees )

RUN P0 MACH LI LTA AMPL. FREQ. RED.FR. TABLE PI MARKS
no. n ) . (degr.)(de-jr.) (liz) no.

( I(Pr )

123 p0 .599 -. 004 .498 0 .000 115
154 100 .600 .002 .491 20 .204 116
Iss 10 .600 .010 Sli3 40 .407 117
ise too GoOt -.00 .500 0 .000 t18
161 10O .000 -. 002 .477 20 156 119
160 to0 .800 -.015 .441 40 .213 12(0
164 10 .849 -. 002 .50 0 .000 121
t65 t0 .849 -.003 .45? 20 .148 122
166 100 .849 -. 004 .4592 40 .295 123
169 t0 .87/ .002 S02 0 .000 124
1.70 10 .074 -. 001 .477 20 144 125
t72 100 ,874 012 .430 40 .287 126
175 1O0 .900 -. 003 .499 0 .000 127
176 to0 .900 -.OOS sot 20 140 i28
177 iO0 ,900 .000 .490 40 .279 129
is2 O0 .927 .002 .503 0 .000 130
183 10 .926 -. 004 .497 20 .136 131
184 t0 .925 .008 .484 40 .273 132
107 iO0 .950 -. 002 503 0 .000 133
180 tO0 .950 004 .401. 20 133 1.34
189 1.00 .950 -. 003 .4c1 40 .266 135
192 100 i.000 ....003 500 0 .000 136
193 1O0 i.000 -. 007 .500 20 127 137
194 100 .997 --.004 .4:1S 40 .255 13:3 **
197 100 1.049 -. 004 .498 0 .000 139
199 100 1.047 -.003 .466 20 .2' 1.40 @
199 100 1.048 -. 003 .4,8 40 .244 141 :
202 11)) 1.099 .003 .00 0 .000 142
203 100 1.076 .000 .474 20 117 143 F
204 100 1 .090 -.003 4I4 40 .234 144 @
232 70 i.050 -. 007 S,02 0 .000 145
233 70 1.050 -.002 .481 20 122 1.46 0
234 70 1.087 -. 002 .498 40 .237 147 P

227 70 1.094 -.001 .300 0 .000 t48
2 8 70 1.098 . 002 .473 20 .1s 149

229 70 1.090 .002 .500 40 .221 so p
222 t0 V.77 .001 .499 0 .000 is
223 70 1.199 -.002 .477 20 i09 12
224 70 1.196 -. 002 .478 40 .219 153

21? 70 1 .231 .000 .1303 0 .000 IS4
,i8 7Ye 1,233 -. 003 4!8 20 .103 155
219 70 1 .2:33 -.004 .477 40 215 156 @

* eccelerOMeter 4 out of order.
a (cceleromcter 3 and 4 out of order,
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WING REF. PLANE
(WR P) T-k ______

AM HII. ('()-4) RI N\ATlE$S IN I RLE .0.I42% C C

. / /C -tC / C . 1 /c C / (. / C /C a CI.i a t / C

I. .///
0:.~ 1 .. II 1 13

0 .

1. -,9!

10

-4 0.90.-

-)9

Co--ordiinates of the airfoil of the wing

Cr =.6396

3 10 55' 50 2

DIMENSIONS IN

Figure 1 Dimensions of the Wing
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DISPLACEMENT

TRNDUE n ACTUATOR ROD DISPACEMENT

0 HYDRAULIC ACTUATOR

Figure 2 Schematic View of the Test Set-up
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PRESSURE ORIFICES ON UPPER AND LOWER SURFACE

WING SECTION '; SPAN SECTIONS

1 17 .4 1 ," , 3 5 4 ,5 ,6 ,7 ,8

2 34.1 3 3
3 49.2 10 10

3.5 55.7 20 20
4 61.6 30 30
5 69.3 40 40
6 78.5 50 so
7 84.1 60 60
8 93.9 70 70

80 80
82 82
85.5 85.5
89 89 90
92.5 92.5
96 96

IN-SITU TRANSDUCERS IN WING ACCELEROMETERS
SECTION 2 UPPER SURFACE ONLY IN WING PLANFORM

v% CHORD NO.] X(mI Y ( m

10 1 0.596 0.096
20 2 0.5745 0.291
30 3 0.2309 0.2971
40 4 0.518 0.252
55 5 0.3422 0.4772
60 6 0.5270 0.4772
70 7 0.4070 0.6176
82 (OUT OF ORDERI 8 0.5390 0.6176
85.5
90
92.5
96

aHINGE AXIS
DISPLACEMENT
TRANS15UCER

0X 1 0 q 2 p 4 2 ? .pip

2 IGSECTION

0 0 0 0 0 0 0 0 0 00

0 0 0 0 0 0 0 0 0 0l

50 60 6
0 PRESSURE ORIFICE 0 0 0 o 0 0 0 0 0 o 0
stIN-SITU TRANSDUCER]1 '

ACCELEROMETER 0I 0 0 0 0 O 0 0 0 '

HINGEI \®
0 o 0 o o 0 08

Figure 3 Location of Pressure Orifices, In-Situ Transducers
and Accelerometers
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Figure 4 Model in the Wind-Tunrnel
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TRANSFER FUNCTIONS FOR WING TUBES

P o

PU/~Pl IRQ-2 1 ~ HII[RQ.4

REAL PART

PIoc -*0-5c P.) PIOC*10 5( Pa
-40.

IMAGINARY PART

REAL PART

-1.0

IMAGINARY PART

Figure 5a Transfer Functions Used for Data Reduction of the Unsteady Pressures
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TRANSFER FUNCTIONS FOR WING TUBES

PU PI=kP
.5

IMAGINARY PART.o , ,.6/___8 .2_ . .
.2 .4 / P0oo'1o-5Po pap

REAL PART

IMAGINARY PART REAL PART

-1.0

Figure 5b Transfer Functions Used for Data Reduction of the Unsteady Pressures
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TRANSFER FUNCTIONS FOR CONTROL SURFACE TUBES

I O 0kPa

PU,/PI F Ez H :

REAL PART

.5

REAL PART

plo 1.5 a6 P l 0c- 10 5~ Pa

.0 ,p - p.

.4 .6 .8 1.0 .4 .8 1.0

-. 5

IMAGINARY PART IMAGINARY PART

-1.0
Figt;ve 5c Transfer Functions Used for Data Reduction of the Unsteady Pressures (cont'd)
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TRANSFER FUNCTIONS FOR CONTROL SURFACE TUBES

PC 0 kPa

FREQ..: 20 FREQ. 40 Hz

PU/Pj

.5

REAL PART

.2 P10c*-5( Pa ) PI0oc0-5 PC
.0, 

; I

.4 .6 .2 .4 .6

REAL PART

-.5IMAGINARY PART

IMAGINARY PART

-1 0

Figure 5d Transfer Functions Used for Data Reduction of the Unsteady Pressures (cont'd)
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WIND-TUNNEL
PRESSURES

N-SITU TRANSDUCERS (12)

L------------------ ------------

Fiur 7 lc-igrmo8h8es e-pDrigUsed Maueet
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FigurR 8 Eiquipment for Unsteady Measiirements PHAROiS
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